There is at present no direct reading ''efficiency meter" on the market, so far as the writers know, and it may be that this is partly the reason for the present custom of specifying limits of watts and candlepower, and not limits of efficiency. In order to meet the need for an efficiency meter in the photometric work of the Bureau of Standards, the writers have recently designed and constructed such an instrument, the theory and operation of which will be described in this paper. The wattmeter should be calibrated to read correctly as a wattmeter over the range for which it will be used, in order to avoid the necessity for applying a correction to the efficiency readings.
It should have a compensating winding on the fixed coil, through which the potential current is carried in the opposite direction to the main current, so that the energy used in the potential circuit will not be measured along with that supplied to the lamp. This compensating winding is regularly supplied in low-range wattmeters by at least one well-known maker.
The reading of a wattmeter on direct current is affected by the earth's field.
To eliminate the error from this source it is customary to take the mean of two readings, the direction of current flow through the circuits of the instrument being reversed for the second Fig. 2 is the working drawing from which the blocks and supports were made. Although a range of from 10 to 20 cp is sufficient, it is desirable to make the blocks longer, so that the wattmeter circuit will not be broken should the photometer move beyond these limits.
On the top of each block, beyond the limits of the coil at each end, a copper strip was placed over which the contact brush moves when off the coil. The resistance wire at the end of the coil corresponding to 10 cp was soldered directly into the copper strip at that end, but the other end of each coil was insulated from the metal strip beyond it. On each block the copper strip at one end was joined to the copper strip at the other end, so that the instrument reads watts per candle so long as the contact brush remains on the coil-that is, for all candlepower values between 10 and 20, while [ Vol. 2, No. i. beyond these limits the instrument reads watts.
In order that for any position of the photometer the watts can be read directly, a switch is used by means of which the resistance external to the wattmeter can be short-circuited, so that either watts or efficiency can be read.
The blocks were mounted on stands with the tops of the coils at a convenient distance below the photometer carriage. On the latter was mounted a hard-rubber block carrying the phosphor bronze contact brush which completes the circuit from one coil to the other.
The blocks were slotted to receive bolts holding them in place on the stands.
Thus a linear adjustment of each coil independently can be made, which is desirable. Fig. 3 , which was made from a photograph, shows the blocks in position on the photometer, the wattmeter not being shown.
EXPERIMENTAL RESULTS.
The coils having been mounted and the wattmeter put in place, it was necessary to find the position of the small magnet in which it would neutralize the earth's field at the moving coil for the range used.
By trial, using a 16-cp lamp, a position was found such that the wattmeter reading at one point was the mean of direct and reversed readings taken before the magnet was put in place. To test other points, the photometer was then set at 10, 16, and 20 cp, direct and reversed readings being made at each point. The agreement of the results is shown in Table I . We thus see that the efficiency meter, while subject to no greater errors than the ammeter or the wattmeter, is more flexible than either, and gives by a direct reading one of the most important constants of the incandescent lamp.
